T he evolution of evidence-based medical practice is heavily dependent on outcomes assessment. From a personal perspective, without accurate and reliable outcomes assessments, it is difficult for individual orthopedic surgeons to evaluate the effects of their interventions and, more specifically, the direct value of these interventions to patients and their quality of life. From a specialty perspective, without accurate and reliable outcomes assessments, orthopedic surgeons are unable to compare treatment options or provide reliable information to patients regarding expectations for a given procedure. From a societal perspective, without accurate and reliable outcomes assessments, orthopedic surgeons will be unable to show the benefit and value of their clinical care and interventions directly impacting patient access to care and physician reimbursement.
Despite the obvious value of collecting outcomes data, many questions and difficulties remain in the process by which data are collected. Currently, most "patient-oriented" outcomes continue to be collected by either paper or, more recently, electronic-based questions, which ask patients to report their satisfaction, pain, or functional capabilities. Occasional "functional" outcomes may include provider assessment of range of motion and strength, but true measurements of patient-specific function are limited. Rarely do orthopedic outcomes involve direct evaluation of the patient's ability to perform activities of daily living, athletic activities, or occupational activities.
The quality and lack of standardization of our outcome metrics is hindering our ability to improve as a specialty. For instance, within rotator cuff repair, one of the most commonly used outcomes assessment tools is the American Shoulder and Elbow Surgeons (ASES) score. Modern repair techniques and rehabilitation protocols lead to mean ASES scores of greater than 90 out of 100 points at the time of final follow-up. 1 However, the mean clinically important difference for the ASES score for rotator cuff disease is 12 to 17 points. 2 These numbers suggest that no future trial will ever demonstrate a clinically significant improvement in rotator cuff repair. Due to this "ceiling effect," this outcome tool is unable to measure higher levels of function. For example, a patient may have a positive outcome on an ASES score, but may lack recreational function such as baseball or tennis. The ability to return to sports or work activities is of primary importance to many patients, but this aspect of outcome can be difficult to capture on current standardized outcome measures.
Variability in patient demand also degrades the value of our current functional outcomes. For example, an older patient may desire a functional return to activities of daily living such as buttoning a shirt or lifting a coffee mug, but a younger patient may be required to lift 100 lb or more to return to work. Although the 2 patients may report similar scores on current validated n guest editorial outcome measures, their levels of satisfaction with that outcome may be markedly different. Although pain can be measured fairly directly using a numeric scale, functional capabilities, particularly those specific to an individual patient, are much more difficult to quantify. To represent true patient satisfaction, outcome measurements must become more patient-specific and allow direct measurement of patients' functional capabilities in a real-world setting.
A recent randomized clinical trial provided another example of the ceiling effect. No difference was found between nonoperative treatment and open reduction and internal fixation for proximal humerus fractures. 3 This study used the Oxford Shoulder Score, which has a maximum of 48 points and a mean clinically important difference of 5 points. 4 However, within this trial, the nonoperative group had a mean final follow-up Oxford Shoulder Score of 40 points, leaving only 3 potential points available for improvement by open reduction and internal fixation to demonstrate a meaningful difference. The ceiling effect is evident from the questions asked within the survey, which include "Could you carry a tray containing a plate of food across a room?" and "Have you been able to use a knife and fork at the same time?" Although these questions establish a baseline level of function, they have no ability to determine or differentiate higher functions of recreational or occupational activities. Similar issues have plagued many of the recently conducted randomized clinical trials comparing operative and nonoperative treatment for orthopedic surgery. 5, 6 These fundamental flaws in outcome assessment limit the ability of orthopedic surgeons to show the value of the surgical interventions they perform or to show improvement in outcomes associated with new technology or techniques.
In addition to these flaws in the actual outcome measures, the current process by which data are collected is tedious, timeconsuming, and expensive. The current survey instruments place a significant burden on both the patient and the practitioner. From the patient's perspective, surveys are time-consuming to complete and often repetitive in nature. As a result, compliance is low, despite significant resources and effort expended by research and clinical staff. For the clinician, the institution of a data collection process requires significant capital expenditure and ongoing costs for additional staff and software. Patients must be assigned appropriate outcome scores based on diagnosis, and must be followed closely to maximize compliance at given time intervals. Finally, one must maintain a database of the information in a usable format, and assure compliance with patient privacy provisions. Despite our best efforts, compliance remains a significant limitation.
Fortunately, developing technologies may offer some solutions to these intractable problems. Recently, many patients have been voluntarily collecting their functional assessment data using wearable sensors and activity monitors. These devices, usually worn as bracelets, use accelerometers and gyroscopes to measure arm movement, which is then translated into steps taken per day and calories burned. Increasingly, these devices also incorporate global positioning system sensors to allow direct measurement of distance traveled. These devices can directly report the distance walked or ran each day. Many new mobile telephones are also incorporating these sensors and this software; thus, patients are not required to purchase and wear a separate device. Wristwatches are incorporating comparable technologies for similar reasons.
Eventually, these new technologies could be important data sources for orthopedic surgeons. Simple use of the device may give vital real-time information, such as distance walked after total knee arthroplasty or an approximation of shoulder range of motion after rotator cuff repair, if the device is held in the operative extremity. Incorporation of directly measured data could effectively remove the ceiling imposed by many currently used scoring scales, allowing a more critical assessment of outcomes. In addition, tracking of real-time data yields innumerably more datapoints providing finer data granularity and allowing measurement of earlier recovery of function, which could translate into increased value by reducing time missed from work or recreation. The data can also be used in real time to alert the clinician to the development of complications, as a sudden reduction in ambulation distance could potentially signal an adverse medical event.
Within other areas of science, these small traces of daily collected data are beginning to be incorporated in what has been called the "small data" revolution, in contrast to the "big data" revolution that is currently sweeping the orthopedic literature. 7 Certainly these data are widely being exploited commercially. For instance, numerous cell phone applications offer comprehensive diabetes management with incorporation of blood sugars directly uploaded from the patient's meter, the ability to import exercise data from wearable sensors, and a wireless, network-based export function to share results with physicians. 8 As compliance has become a stumbling block commercially, patient privacy will need to be carefully considered and handled if these data are to be used scientifically.
Another potential opportunity for advancing technology is in the field of motion analysis. Moving out of the laboratory and into the real world will allow further assessment of normal vs abnormal functional recovery and potentially identify individuals at risk for injury. The continued enhancement of markerless motion analysis allows improved in vivo assessment of complex motion patterns such as overhand throwing or swinging a golf club. As progress has been made in image recognition algorithms and gesture-based user interfaces, software methods are becoming available to analyze human motion using high-definition video. Many consumer electronic systems have begun to incorporate n guest editorial these methods. As an example of the capabilities of such systems, one recent image analysis study measured heart rate from standard-quality video based on small fluctuations in facial skin tone. 9 Although few studies have employed these methods within orthopedics, 10 they offer the promise of real-time motion analysis outside of the controlled laboratory setting. 11, 12 Much work remains to be done, but more mobile quantitative functional assessment may soon be available for clinical research use.
To continue to improve clinically, we must update orthopedics outcomes assessment to create modern measures that reflect the high patient and societal expectations from our procedures. Our current outcome measures are rapidly falling behind the available technology. Incorporation of wearable sensor data, markerless motion analysis, and other budding technologies may allow large-scale real-time functional assessment, bypassing limitations such as the ceiling effect as well as the cost and burden associated with our current outcomes assessment tools. Innovations such as these offer the promise for orthopedic surgeons to assess individual surgeon outcomes, to accurately compare treatments, and to demonstrate the magnitude of the functional benefit provided by their treatments to society.
